Purpose. Sporothrix brasiliensis, a member of the Sporothrix schenckii complex, is a major cause of epidemic outbreaks of sporotrichosis due to its greater virulence and ability to evade the immune system. The absence of studies about this species led to this study, with the aim to evaluate the importance of Toll-like receptor-2 (TLR-2) during S. brasiliensis infection.
INTRODUCTION
Sporotrichosis is a chronic infection of humans and animals caused by Sporothrix spp in the order Ophiostomatales. A pathogenic clade consisting of four species (Sporothrix brasiliensis, Sporothrix schenckii, Sporothrix globosa and Sporothrix luriei) has emerged as an important threat to the health of several warm-blooded hosts around the globe [1, 2] . Among the clinical pathogens, S. brasiliensis is by far the most virulent, followed by S. schenckii and S. globosa [3, 4] , but all of them are capable of causing disease in mostly healthy patients [5] . In recent years, human and feline sporotrichosis due to S. brasiliensis has emerged as a major health problem in Brazil, initially affecting the metropolitan region of Rio de Janeiro, but quickly spreading to urban areas, some as far as 2000 km from the epicenter of the initial epidemics; in 2015, 4703 cats were diagnosed [6, 7] . Cells involved in the innate immune response recognize fungal organisms in hosts, mainly through pathogenassociated molecular patterns (PAMPs) associated with components of the fungal cell. The PAMPs are bound and recognized by pattern-recognition receptors (PRRs), including Toll-like receptors (TLRs), present on the surface of host cells. The Toll-like receptor-2 (TLR-2) detects several components present in bacteria and fungi, mostly lipoproteins of bacteria and tri/diacilatolipopeptides [8] . The absence of TLR-2 was related to a greater susceptibility to disseminated candidiasis in murine models due to a decrease in TNF-a and MIP-2 secretion and neutrophil recruitment [9] . Immunosuppression in TLR-2 À/À mice resulted in increased susceptibility to Aspergillus infection [10]; however, TLR-2 polymorphisms did not result in invasive aspergillosis [11] . Moreover, TLR-2 is also a component of the mechanisms of host response to other microorganisms such as Staphylococcus, Mycobacterium and Pneumococcus [12] . The role of TLR-2 in S. schenckii yeast infection, revealed that in the absence of this receptor, a lower rate of phagocytosis and lower production of cytokines such as TNF-a, IL-1b, IL-12 and IL-10 against lipid antigens was observed. This shows the importance of this receptor in the development of protection against this micro-organism, via the induction of the production of mediators in response to S. schenckii [13] . However, it is known that there are differences between the S. brasiliensis and S. schenckii, specifically related to epidemiological profile, virulence, pathogenicity, as well as the recognition by human peripheral blood mononuclear cells [3, [14] [15] [16] . To determine the dependence on TLR-2 of triggering an immune response during S. brasiliensis infection, in vitro interaction and in vivo infection assays were performed.
METHODS
S. brasiliensis: growth conditions and inoculum preparation S. brasiliensis American Type Culture Collection (ATCC) MYA-4823(5110) was used in all experiments. This strain originated in Rio de Janeiro, from feline cutaneous lesion. We used the yeast phase on brain heart infusion (BHI) agar (Difco, BD, USA) at 37 C for 72 h. Yeasts were suspended in 5 ml of pyrogen-free PBS for the yeast count. Yeasts were counted in a Neubauer Chamber and diluted 1 : 1 with trypan blue dye to check the cell viability. For the in vitro assay, we used 1Â10 6 yeast ml À1 [17] and for the in vivo assay we used 5Â10 6 yeast ml À1 [18] . 
Bone marrow-derived macrophages (BMDMs)
To acquire the BMDMs we followed the procedures as described in Marim et al. [19] . To summarize, bone marrow from the femurs was collected and cultured in RPMI-1640 medium supplemented with 20 % FBS, 30 % L929-cell conditioned medium and 40 mg l À1 gentamicin (R20/30 media) at 37 C in a 5 % CO 2 atmosphere. Then, 4 days later, the cells were supplemented with the same medium and incubated for another 3 days. Macrophages were collected and incubated in RPMI-1640 medium supplemented with 10 % FBS, 5 % L929-cell conditioned medium and 40 mg l À1 gentamicin (R10/5 media) at 37 C in a 5 % CO 2 atmosphere.
Phagocytosis and c.f.u. in vitro assay To perform the phagocytosis and c.f.u. assay, we first promoted cell adhesion. For this, the BMDMs were plated on glass slides in 24-well plates (2.0Â10 5 cells ml À1 per well) and maintained overnight at 37 C and in 5 % CO 2 . The yeast inoculum (described above) was diluted in fresh R10/5 media and incubated with the BMDMs at a m.o.i. of 1 : 5 (1 ml well
À1
). The samples were cultured at 37 C and in 5 % CO 2 for 3, 6 and 12 h, respectively. Subsequently, samples were collected and centrifuged for 10 min at 3000 g, and then the supernatants were stored at 20 C for further cytokine measurements. Glass slides were stained with the haematological staining kit Instant Prov (New Prov). For the c.f.u. assay, the same procedure as for the phagocytosis assay was performed, except without using glass slides. At each time point, the wells were washed with 1x PBS to remove free fungi, and the BMDMs were lysed with 0.1 % Triton X-100 solution. The samples were plated after tenfold dilution on Sabouraud Agar (Difco) and incubated at 37 C for up to 7 days before colonies were counted. The number of recovered colonies were multiplied by the dilution factor and expressed as the mean log.
Index phagocytosis (IP)
To determine phagocytosis, the IP was calculated according to the formula:
IP=number of internalized yeastÂ100/number of BMDMs in the same field. . TLR-2-deficient mice show significantly impaired in vivo restriction of S. brasiliensis growth. The C57l/6 mice (n=4) and knockouts for TLR-2 (n=4) were infected with 5Â10 6 yeast of S. brasiliensis and c.f.u. were recovered from liver, spleen and kidney on days 7, 14, 28 of infection. Statistical analyses were performed using the Bonferroni test for multiple comparisons. *P<0.05, **P<0.01, ***P<0.001.
In vitro nitric oxide (NO) and lactate dehydrogenase (LDH) measurement
The total amount of nitrite was determined using the Griess method (Sigma-Aldrich). LDH (lactate dehydrogenase) levels were measured using the CytoTox 96 Nonradioactive Cytotoxicity Assay (Promega) according to the manufacturer's protocol.
S. brasiliensis infection model TLR-2
À/À mice and their control litter-mates were injected intraperitoneally with S. brasiliensisin yeast form (5Â10 6 c.f.u./mouse) in a volume of 100 µl of sterile PBS.
The infection was evaluated for 28 days. Subgroups of four animals were euthanized on days 7, 14 and 28 of infection. To assess the dissemination of S. brasiliensis, the liver, spleen, kidneys and brain from euthanized animals were aseptically removed, weighed and homogenized in sterile saline in a tissue grinder. The number of viable S. brasiliensis cells in the organs was determined by plating serial dilutions on Sabouraud dextrose agar plates. The c.f.u. were counted after 5 days of incubation at 37 C, and the results are expressed as log c.f.u. g À1 organ. The homogenate of the organs was then . Cytokine levels are stated in pg g À1 organ. Statistical analysis was performed using the Bonferroni test for multiple comparisons. *P<0.05, **P<0.01, ***P<0.001.
Fig. 5. S. brasiliensis infection in TLR-2
À/À after 14 days. TLR-2 À/À and C57Bl/6 mice were infected intraperitoneally with S. brasiliensis (5Â10 6 yeast ml À1 per mouse). The concentrations of TNF-a and IL-6 in liver, spleen and kidney were measured on day 14 after infection. Cytokines were quantitated from liver, spleen and kidneys, macerated and expressed as mean±standard deviation. Results of the three experiments for C57Bl/6 and TLR-2 À/À . Cytokine levels are stated in pg g À1 organ. Statistical analysis was performed using the Bonferroni test for multiple comparisons. *P<0.05, **P<0.01, ***P<0.001. centrifuged for 10 min at 3000 g and the supernatants were stored for subsequent cytokine measurements.
Cytokine measurements
The in vitro concentrations of the cytokines IL-6, IL-10 and TNF-a were measured using a commercial ELISA (Biosource, Camarillo, CA; detection limit 16 pg ml 
Statistical analysis
Statistical analysis was performed using ANOVA followed by the parametric Bonferroni test (INSTAT software: Graph Pad, San Diego, CA, USA). Values of P<0.05 were considered statistically significant.
RESULTS
The absence of TLR-2 affects the phagocytosis of S. brasiliensis We sought to determine whether TLR-2 is required for the phagocytosis of S. brasiliensis. We assessed whether BMDMs from TLR-2 À/À mice differed from control BMDMs in their ability to internalize S. brasiliensis yeast cells. We observed that the absence of TLR-2 impaired phagocytosis (Fig. 1a) ; consequently, the fungal burden was lower in TLR-2 À/À BMDMs when compared to the BMDM WT (Fig. 1b) . Microscopic analysis showed that in the absence of TLR-2, S. brasiliensis developed inside the BMDMs (Fig. 1c) . We also evaluated cytotoxicity in response to S. brasiliensis as determined by the LDH assay, using the supernatants that were collected from the interaction with the BMDMs. At 6 and 12 h, higher LDH production was observed in TLR-2 À/À BMDMs, when compared to C57BL/6 BMDMs (Fig. 1d) . After 12 h of incubation, the absence of TLR-2 significantly decreased the viability of BMDMs and impaired the phagocytosis index analysis, as previously shown in Fig. 1a .
Absence of TLR-2 impaired microbicide mechanisms through the production of nitric oxide; however, cytokine production was not affected To verify the impact of the absence of TLR-2 on the microbicide mechanisms in BMDMs, the production of nitric oxide (NO) in the supernatants derived from the interaction 
. S. brasiliensis infection inTLR-2
À/À after 28 days. TLR-2 À/À and C57Bl/6 mice were infected intraperitoneally with S. brasiliensis (5Â10 6 yeast ml À1 per mouse). The concentrations of IL-6, IL-10, IL-17 and TNF-a in liver, spleen and kidney were measured on day 28 after infection. Cytokines were quantitated from liver macerated and expressed as mean±standard deviation. Results of the three experiments for C57Bl/6 and TLR-2. Cytokine levels are stated in pg g À1 organ. Statistical analysis was performed using the Bonferroni test for multiple comparisons. *P<0.05, **P<0.01, ***P<0.001.
of C57BL/6 and TLR-2
À/À BMDMs with S. brasiliensis was evaluated after 3, 6 and 12 h. In the absence of TLR-2, NO production was significantly reduced after 12 h of interaction with S. brasiliensis (Fig. 2a) . To investigate the role of TLR-2 in the production of cytokines by BMDMs stimulated with the yeast form of S. brasiliensis, in vitro assays were performed using BMDMs obtained from TLR-2 À/À and control C57BL/6 mice. As shown in Fig. 2b , the absence of TLR-2 did not significantly affect the in vitro cytokine production.
Absence of TLR-2 promotes larger dissemination of S. brasiliensis After confirmation of the importance of TLR-2 in BMDMs using the in vitro system, their relevance in vivo was investigated. Using the intraperitoneal infection model (5Â10 6 yeast) the influence of TLR-2 on the colonization of the liver, spleen, kidneys and brain after 7, 14 and 28 days was evaluated. After 14 and 28 days of infection, it was found that in the absence of TLR-2, there was a higher fungal load in the organs. Specifically, after 14 days of infection, increased fungal load was observed in the liver, spleen and kidneys. However, after 28 days of infection, despite the high fungal loads in both groups (C57BL/6 and TLR-2 À/À ), significant differences were observed in the spleen (Fig. 3) . No fungal growth was observed in the brain. In the absence of the TLR-2, after 14 days of infection, increased fungal load was observed in the liver, spleen and kidneys. However, after 28 days of infection, despite the high fungal loads in both groups (C57BL/6 and TLR-2 À/À ), differences were only significant in the spleen (Fig. 3) .
Absence of TLR-2 impairs the production of cytokines in the first 14 days of S. brasiliensis infection and subsequently suggests a Th17 response The C57BL/6 and TLR-2 À/À mice were infected with S. brasiliensis (5Â10 6 yeast ml À1 ) over a period of 7, 14 and 28 days. The production of IL-2, IL-4, IL-6, IL-10, IL-17, IFN-g and TNF-a in the liver, spleen and kidneys was determined. In the first 7 days of infection, the absence of TLR-2 was found to impair the production of IL-6 (spleen), IL-17 (liver, spleen and kidneys), IFN-g (spleen) and TNFa (spleen) when compared to C57BL/6 mice (Fig. 4) . After 14 days of infection, secretions of IL-6 and TNF-a (spleen) in TLR-2 À/À mice were found to be impaired (Fig. 5) . However, after 28 days of infection, there was an increase in IL-17 production in the kidneys and spleens of TLR-2 À/À mice when compared to control mice (Fig. 6) . No significant detection or differences were found for the other cytokines that were measured.
DISCUSSION
In the present study, the role of TLR-2 in BMDMs in the recognition of S. brasiliensis and as part of the anti-S. brasiliensis host defense was investigated using a murine model of disseminated sporotrichosis. The questions that directed our study are the following: How important is TLR-2 in macrophages for the recognition and triggering of the immune response against S. brasiliensis? Additionally, what is the impact of the absence of this receptor on S. brasiliensis infection?
The in vitro results reveal the importance of TLR-2 in BMDMs and corroborate those observed for S. schenckii, in which the absence of TLR-2 caused a reduction in the number of internalized yeast [13] . NO is widely recognized as an essential microbicide molecule in the fungicidal activity of macrophages against S. schenckii [20] . The results shown here support the hypothesis that in the interaction of TLR-2 À/À and yeasts of S. brasiliensis was impaired; consequently, there was insufficient activation of macrophages in the absence of this receptor, resulting in less efficient stimulation for the synthesis of NO [21] . The high LDH production, in the absence of TLR-2, shows that clearance of the pathogen was also impaired [22] , and microscopic analysis showed that in TLR-2 À/À BMDMs S. brasiliensis developed inside the BMDMs. This fact leads to higher cell death as a consequence of the promotion of a favourable microenvironment for the growth and development of S. brasiliensis. Our previous work, showed a set of proteins that may be related to immune escape and that can explain the high virulence of S. brasiliensis, among them extracellular cell wall glucanase, aminopeptidase I, Mn superoxide dismutase, heat shock 70 kDa protein 1/8, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), hydroxymethylglutarylcoenzyme A (HMG-CoA) lyase, progesterone binding protein, rhamnolipid biosynthesis 3-oxoacyl-(acyl-carrier-protein) reductase and acetyl-CoA hydrolase [23] . The in vitro production of cytokines was found to be different than during S. schenckii infection in that, while the absence of TLR-2 impaired the production of IL-1b, IL-12 and TNF-a [13] during S. schenckii infection, in our study, the absence of TLR-2 affected the production of IL-10, IL-6 and TNF-a cytokines in vitro. Recognition by Toll-like receptors leads to the activation of phagocytic effector functions and further induction of adaptive T helper (Th) responses [24] [25] [26] . Specifically, Th17 cells have a role in defense against extracellular bacteria and fungi, resulting in both protective and deleterious effects [27, 28] . Using a murine experimental model of S. schenckii infection it was confirmed that the absence of Th17 responses is related to a higher lethality during infection [29] . Th17 cells are known to eliminate S. schenckii in mice during systemic infection, and IL-23 depletion leads to an increase in fungal load [30] . Our results demonstrated that in the in vivo absence of TLR-2 we observed higher fungus load in the organs in comparison to that in C57B1/6 mice. Negrini et al. [13] investigated the role of TLR-2 during S. schenckii infection over a period of 10 weeks; however, they observed the influence of TLR-2 overproduction of IL-1b, IL-12 and TNF-a in macrophages, their stimulation level as measured by NO release, and the production of IFN -g, IL-6, IL-17 and TGF-b in spleen cells. In our case, we found similar results, but we investigated dissemination in organs. The increase of fungal burden in the organs can be explained by the low production of proinflammatory cytokines as IL-6, TNF-a and IFN-g during the first 14 days of infection leading to the proliferation of yeasts of S. brasiliensis. The same was observed for C. albicans, in which phagocytosis and chemokine production exhibited a dependence on TLR-2 that was necessary for neutrophil chemotaxis during pathogen infection and distribution [31] . TLR-2 blockade was able to inhibit 60-75 % of the production of TNF-a and IL-1b in response to C. albicans, demonstrating that the induction of pro-inflammatory cytokines is partially mediated by TLR-2 [32] . Loures et al. [33] evaluated the role of TLR-2 using an experimental model of chronic pulmonary infection induced by Paracoccidioides brasiliensis and observed that macrophages from TLR-2 À/À mice presented a polarized Th17 response. Studies have shown that in a murine model of systemic infection by C. albicans, the deletion of the TLR-2 gene leads to a greatly reduced production of Th1 cytokines (IFN-g, IL-12 and TNF-a) compared to the control; however, in the absence of TLR-2, there was also development of a specific humoral response [34] , which suggests that in the absence of this receptor, the immune system may use other pathways in an attempt to combat pathogens. Our results demonstrated that the absence of TLR-2 impaired the development of a Th1 response mainly in the first 14 days of infection, but after 28 days of infection, specifically for TLR-2 À/À mice, there was the development of a Th17 response. Interestingly, in the absence of a receptor, the immune system probably uses other signalling pathways in an attempt to combat pathogens, which does not exclude the possibility that other receptors are involved in the response induced by S. brasiliensis. We concluded that in vitro analyses indicate that TLR-2 signalling is important in the innate immune response, and the TLR-2 expression is important for protection against S. brasiliensis-induced sporotrichosis mainly during the first 14 days of infection. The absence of TLR-2 suggests an induction of Th17 immune response after 28 days of infection. Modulation of TLR-2 signalling pathways could possibly provide additional methods of immune intervention in the treatment of invasive fungal infections. 
